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APOLLO BAN3E SAFETY DESIEUCT TIME DELAY 
SATURN IB AND SATURN V 

(OFF-NOMINAL INITIAL ATTITUDES AND THRUST DISPERSIONS) 
By Charles Teixeira 


SUMMARY 


The required Range Safely Destruct Time Delay was determined pre- 
viously (ref. l) for the cases of aborts at n^rdnal initial attitudes 
(a^ = 0“, q^ = 0“). The results of the second phase of the study in 

which off-nominal attitudes were studied is reported herein. Various 
combinations of angle of attack and pitch rate (a^ = ± 15 “ q^ = ±5“/sec) 

were considered in addition to several off-nominal thrust conditions. 

The off-nominal cases indicate a need for time delays of 3«^0 sec- 
onds for the Saturn IB and 4,20 seconds for the Sattim V as compared to 
the nominal case times of 3 *27 and 4.10 seconds, respectively. It is 
recommended that the time delays required for the c 'f-nominal cases be 
the Range Safety Destruct Time Delays for the Saturn IB and Vj namely 
3.4 o and 4.20 seconds, respectively. 


INTRODUCTION 


The required Range Safety Destruct Time Delay determined in the 
previous study assumed nominal aborts only, specifically, aborts at 
zero degrees initial angle of attack and zero degrees/second pitch rate. 
This siD^ilifying assumption was made in order to obtain preliminary an- 
swers as quickly as possible. It is obvious that Range Safety Destruct 
Action will not be employed unless the launch vehicle exceeds its pre- 
determined corridor. In almost every case this implies a LV failure 
resulting in some attitude- time history other than nominal. Consequently, 
this study was performed primarily to detennine the effect of various 
Initial attitudes (at time of abort) on the required time delays deter- 
mined in the previous study. In order to limit the scope of the study 
to a reasonable level it was arbitrarily assumed that the aborts occurred 
at the present limits of ±15“ angle of attack or a ±5“/sec pitch rate and 
combinations thereof. These attitude limits will obviously be the upper 
limits for the Range Safety case since any angle of attack or pitch rate 
at or above these limits will result in an abort whether or not the range 
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safety corridor has been violated. In awidition, several "worst” cases 
were studied which assumed that the LV thrust (Saturn V only) was at its 
5<J high side and the LES thrust was at its 3® low side. These thrust 
conditions together with Lhe worst Initial attitude condition resulted 
in the poorest separation histories and consequently the longest time 
delays. 

The ground rules employed in this study were essentially the same 
ones used in the previous study and will be discussed in this paper only 
in regards to exceptions or additions. 

SYMBOLS 

Cp Pressure coefficient 

C,p Escape motor thrust coefficient 

M# Mach number 

Aerodynamic pressure, psi 

Sum of aerodynamic pressure (P^) and static equivalent of pres- 
sure associated with the shock front (2^), psi 

Average of above, psi 

Poo Ambient pressure, psi 

Peak pressure associated with the shock front, psi above ambient 
Dynamic pressure, psf 
Initial pitch rate, deg/sec 

Separation distance, usually from center of detonation, ft 
Time, sec 

tp Time r detonation in seconds after command module-launch vehicle 

separav.j.on 

tg^ Time shock front reaches command module in seconds after command 
module-launch vehicle separation 

Launch vehicle velocity at time of auort, ft /sec 


q 

<lo 

R 

t 
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a Connnand module angle of attack during atort, deg 

Initial command module angle of attack at separation, deg 

y Flight path angle (launch vehicle) relative to horizontal at 

time of abort, deg 


GEOUHD RULES 


Abort Trajectories 

Six combinations of initial angle of attack and pitch rate were 
studied for each LV on the pad and at 20, and U0,000 feet. 


o 
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0 

-5 
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-5 
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The LV-CM separation trajectories (relative to the assumed center of 
explosion) are given in figures 1 to U for the Saturn IB and figures 5 
to 8 for the Saturn V. The corresponding q, and C,p histories 

were not included due to the large number of curves involved. 

Trajectories of the off-nominal thrust cases are given in figures 9 
to 11. Since current trajectory dispersion data was available only for 
the Saturn V at the time the study was performed, the cases studied were 
limited to the Saturn V. The initial attitudes chosen for the off-nominal 
thrust cases were- the ones which resulted in the highest press\are loads 
for the nominal thrust cases. 


PAD 

1 crO / 

% * 15 , lo = 5 /see 

3ct low LES thrust 
3cT high LV thrust 

20 000 ft 

% = -15®, = -5° /sec 

5o low LES thrust 
3o high LV thrust 

50 000 ft 

% = -15° , = -5° /sec 

5ct low LES thrust 
3a high LV thrust 
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Aerodynamic Loads 

]ji the previoTis study, angle of attack oscillations dviring all of 
the aborts studied approached but did not exceed ±2CP . The assumption 
was then made that the CM was at an angle of attack of 2(f at the in- 
stant of shock front passage and the aerodynamic pressure distributions 
were calculated for this angle of attack. In the present study, the 
angle of attack oscillations frequently exceeded 2CP and approached but 
did not exceed ±25°. Consequently, for these cases, aerodynamic pres- 
sure distributions were calculated at the maximum angle of attack at- 
tained of +25°. 


PROCEDURE 


Abort trajectories were run for each of the six initial attitude 

conditions at each altitude considered for both the Sattim IB and V^. A 
reiteration pror'om was used as in the previous study to detennine the 
shock arrival time, the flight parameters (q, C^, et cetera) at 

the instant of shock front passage, overpressure, et cetera. The re- 
sults are presented in tables I to IV. The data is presented for each 
of the six combinations of angle of attack and pitch rate including for 
reference purposes, the nominal case of = Cr q^ = cP /sec from the 

pi'evious study. 

The procedure employed vrais to pick the pai oiciilar initial attitude 
which resulted in the co«nbination of highest aerodynamic and overpres- 
sure loads and to concentiate the study on these cases. For example, 
the Saturn IB pad case of = 15° = q^ = 5° /sec (ip = 2.00 seconds) 

results in a combination of aerodynamic pressures and overpressures 
which when combined are higher thar the total pressures encoimtered in 
the other cases. The aerodynamic pressure distributions for these 
worst cases wore calculated as in the previous study and are given in 
tables V to XI. The area around station 95 was again considered to be 
critical and the aerodynamic pressures at this station were totaled with 
the static equivalent of the overpress'ire in tables XII to IV. The total 
pressures acting on the CM are then avera^d in order to obtain an aver- 
age circumferential load at station 95. {The pressures are symmetrical 
about the pitch plane). This average total load (P,pQ,j,) is th«n plotted 

■4?he 10 000 ft case was omitted in this study since the previous 
study indicated this altitude region did not present any time delay re- 
quirement above that of the pad or the 20 to 40 000 ft cases. 
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as a function of detonation time in figures 12 and IJ. The tota.1 - 
age loads which equal the symmetrical limit of 6.1 psi is then t' mini- 
mum acceptable detonation time as long as the unsymmetrical load limit 
is also not exceeded. The maximum acceptable detonation time (safe de- 
struct time) plus the .5 second lag time is then the required Range 
Safety Destruct Time Delay. 

The 30 000 foot case resulted in a discontinuity in the total pres- 
sure loading between detonation times (t^) of 2.4 and 2.5 seconds for 

the IB and 2.9 and 3.0 seconds for the Saturn V. This is dvie to the CM's 
ability to outrxin the shock front for a short time at this particular 
altitude. The CM is not able to remain ahead of the shock front for the 
10 seconds under consideration until aborts at 4o 000 feet and above. 

In order to better define the "knee" in the total pressure curves as a 
function of detonatio time, sevei^t cases were rxan between detonation 
times of 2.00 and ^.00 seconds for the worst initial altitude conditions. 

The off nominal thrust cases were studied by the same procedure 
discussed above. Altitudes of 0, 20, and 30 000 feet were considered 
for the Saturn V. The lES main motor thrust was assimied to be at the 
3o low level and the LV thrust was assumed to be at the 3o high 
level. The initial attitudes assumed were the ones which resulted in 
the highest loads In the former cases. The shock arrival times, flight 
parameters, et cetera, for each assumed detonation time is given in 
table XVI, and the aerodynamic pressure distributioriS are given in 
table XVII. The total pressure load simnuary is given in table XVIII with 
the average total pressure (PipQ^) plotted as a function of detonation 

time in figure l4. 


CONCUJSIONS 


The safe destruct times obtained from figures 12 to l4 are sum- 
marized on the following page together with their corresponding re- 
quired Range Safety Destruct Time Delays. (Safe destruct time +.5 sec = 
Range Safety Destruct Time Delay ). 

The time delays required by the off-nominal attitude aborts studied 
do not differ appreciably from the delays detemined necessary in the 
previous study for the nominal attitude aborts. This is due to the 
small effect the initial attitude has on the separation-time histories 
during the early portion of the abort trajectory as can be seen from the 
table on the following page. 
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The worst initial attitude at each altitude (a^ « “15**^ " -5° /yec 

for altitude cases and » +1^» ■ ^/sec for the pad case) resulted 

in Just slightly higher required time delays. The loi'.gest time delay re- 
quired occtars on the pad and the recommended time delay will again be de- 
termined by the pad case. 

The off-nominal thrust cs'*es established the required time delay to 
be at » 20 000 feet. This iu near the altituae where the LEV experiences 
the severest drag loads and consequently the worst LV-CM separation -time 
history. In addition, the assumptions made were such as to produce a 
"worst case. " IHie pitch up attitude (a^ » - 1^ , q^ » -5° /sec ) resulted 

in the CM being "chased" by the LV which together with the thrust condi- 
tions assumed (LV high side and LES low side) resulted in a partic- 
ularly severe separation-time history with the subsequent hi^ loading. 

The probability of these events occurring together is extremely small 
and consequently the required off nominal thrust time delays should be 
of academic interest only. 

The recommended fixed time delays during first stage burn fo* the 
Saturn IB and the Saturn V are '^.hO and 4.20 seconds, respectively, as 
determined by the worst off nominal initial attitude case on the pad. 


REFERENCE 


1. NASA Apollo Program Working Paper No. Il6l, Apollo Range Safety 
Destruct Time Delay ~ Satmn IB and Saturn V. 
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TABJ.E XIV. > LOAD SUMMARY - 30 000 1>T CASE • Conoluted 





























































TABI£ XVI.- SHOOC AlffilVAI. tltffiS, OVOtFRESSURES AND 
FUGRT PARANSTBBS AI Tllffi OT SROOC ARRIVAL 
SAIURH V 

(OTP MQMIHAL 1SRUST) 
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TABLE XVI.- SHOCK ARRIVAL TBffiS, OYSPRESSURES AHD 
FLI(m* PARAMEmS AT TIME CF SHOCK ARRIVAL 
SATOBM V 

(GFP IKXflHAL THRUST) - Concluded 



CJ4 out rune shock front 







































TABI£ rVlX . - AERODYNAMIC PRESSURE DISTOIBUTIONS OIT-NOKlMAt THTUBi ABORTS - SATURN V 


26 


KN . 
O 

s 

tt 

4^ 

A c> t: c> 

S8SS8^^ 

i4 «4 cu if\t^ 

S S^o^S 8kS 

-4 CMAf-lOO O kS ctv r- 
-:t . * lA^ VO lA-:± 

lAOO t-iJ ONOlCMOlOrHO 
tH * * rH CM vd lAvd 

1 

f-l IC\K\K\0 K\h- 
iH Q K\.-| C^<D K\ 
^ O VO CVf O CVl «-l 

o .-j Ci 

«-<0£rQooooo 

4A 0\CQ CD CM H ^ f-l 

VD CJNiA «s On r-l tA OSOO 

d A_:f \0 lA^ 

^<0€OC ifACMfHlrvO 
^ rH ci lA -4^ vd lAvd 

1 

rH Ol O -3^ o --#■ r- 

r4 iTv K> r-i OJ 

-i- N.O O C^ cvj K\ 
O t\J ^ NO l^^ tA 

vo^ooooooo 

O lA^ F- CJ CM rH CM 
OJ(55v^ OOrHrHOsC- 

d rH CM ^ *d iA_4^ 

. 

A* £AV0 O p O O O O 

VO rH iH lA F-O -5 NO F- rH 
CMlAIAF-rHtAlACMrHlA 

rH * ’ ‘ d .4 vd «AIA 

o\ 

<^ 

- 

c; 

« « 
m 
m 

O vP ^ COV ro o to 
t-VO CM CUCO 
O OMO #0 <J\ 

•H * r5 CM CM IOk\ 

CMrHODf-HiAOOOO 
^ ON ON VO F- OS-:t ^ lA 
vO CMlACUOpsO lAOF- 

rH rH * rH rH CM lA^ lA 

VO tCxNO lA<7s CM Q p P C 
F-sO ^F-rHlA^Offl rH 
VO CM CM F- rH VO F-00® 

*r4r4cutAlA 

+> 

K\ 

S lA u 

O N « 
^ «l « 

CV| 4J® 

a? p «o Q C-- 

^ c^o 

OOP F- <> tr\ »r\ 

<S * iH rO to -rr ^ 

,-t IAOnOJO P o o o 

QJ ® q 5 CS rH rH-4“ 

05 On CM® CM lAtA-:t CM 

d ’ * rH lA-:f VO lA^ 

8S!?l8^SSS^8g 

O F--4- C^VO CM O F- ON CS 
rH d rH CM CM^-:t ^ 

o 

s? s 

3] ca 
CQ 
4-> 

00 rr\ rH fO O Q C^ 

VO CM *-l CM r^vS ^ 
^ lOOO tA^CO 

o 'r-4 rO lO-:^ 

lA® lAvO p O O O O 
CNr-fiAC^CM 
(AVO O tA lA CM :A O 

d 1 iH lA^ VO tA 

lAOO^ OVO O O Q Q p 
CMrH^ F-^plAOmiA 
H CMA CM O 6 ON® 3 rH 

rH 1 rH CM CM ^ -4 

Ci 

lA cJ 
n o 
o3 a 
a 
•p 

to O CM -4- K\ fO 

Hvo -4 mvo VO ja 
^ --t tnvo 00 \o VO 

O •-^ 1-i i—i tA K'x 

OCM^NOstAOpOO 
iA .'A -4 lA O tA O lA® 
rH rH rH lA O -4 CM kS 

rH rH rHrHCMCMtAlA 

5 Sn^S^^S S 

tA-4- lA lA F- 5 n CM ON tA-4 
d rH CM oi CM 

vO 

9®. . 

lO Cl 
M O 

o5 «r 
(0 
P 

VC VO lAOO r- o 

CM r^ O F- r - CQ 

Cn fA-4 CM C- iAC5 

d rH W CM CM -4 tA 

HrHpt^tAOOOO 
OOWrH 0 \F-OnF-CM 
rH CM ® ® F>vO lA F- lA 

rH rH rH CM «A fA tA 

OlApOtAlAtApOO 
AVO O QsvO®OnO|®CM 

^ lA^ O F- rH -4 2S3h H 
d fH rH tAIAlA 

O 

CVl 

^ s 

OS (0 
ca 

P 

P CM VO CM lA lA u'V 
® CM lA OS r-> lA^ 
® VC rA o -4 1-4 

d CM CM CM 

1 

1 

lACJOo®VOOlAON 
rHVO F-rH^OQ F-CJO. 

On CnOO o O ® -4^ O ® 

^ O 1 H H CM CM H 

tACMOO-400®OO® 
flb VO rH lA^ rH fAqO «A3F 

\3 F- O -4“ rH AO rH CM 

d 1 rH rH CM OJ rH 


O lA UA UA O JA O 

o t- OJ F d ^ o 
V- CO c. Cvi L' X ! 

rH rH —1 1 

1 

O tA O lA lA O tA lA O 

i C '.'u u N (u i'- p CM d 

Oi ^ a:) - OJ .4- 4A 00 ; 

1 rH -H rH iH 

OtAO lAtAtAOAiAO 

o OJ uA t'- CM d cj d 
CM j- vO ao rs CM ^ lAOO 
H rH iH H 


i 



< 

E-i 

W 


trs 

«> 


GO 


- 4 - 
























TABLE XVIII.- TOAD SUMMARY OFP-WOMIMAL THRUST CASE 
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TABLE XVIII. - LOAD SUMHABY aPF-NGMINAL THRUST CASE - Concluded 
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Figure 2, - Cf;ntinued, 
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Flfp’.ro 3»“ C< -ncluded. 











Figure U,- Ccncluded. 










41 



Figure 6 . - Conti nued . 
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Figure 7- - 50 000 ft abort — Saturn V. 
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Figure 7. - Concluded. 




O £ 4 & a /C iz 

X/<5'5 


Figure 8. « Continued. 
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